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The CDF detector and it's
performance

The Strong Interaction:

Inclusive jet production
B-quark production

The Flavour Sector:

Searches for New B-hadrons
B, Oscillations

Electroweak Symmetry Breaking

The top quark
The Higgs boson

Supersymmetry
Extra Dimensions
Model independent searches

8 orders of
magnitude

—to Tape: 350k events/hour




CDF Probes the Standard Model

1

L = —F*F% 4+ j¢Dv gauge sector \/

4 B
+ lbz)\zjwjh + h.c.
+ |D,h|? — V(h)
1

flavour sector \/

EWSB sector

+ —L; Ay, L;h° or LAY, N, v mass sector

M

... and beyond?

supersymmetry (many variants)

extra spacetime dimensions
compositeness

strong electroweak symmetry
breaking

something new?!




CDF Luminosity
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The Strong Interaction




Jets: from Forward to Central

Tevatron parton kinematics

E . Data sormected bo the e N 10 ..
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e | " e O wlM2—106 2
QEE 10 I"‘___ :T:—_S-__.I,‘-I»I-P”:imi — Q —10 GeV
T qp® ] s e N 10‘; M=1Te
10 _.—L._ B | L=1.04 f O N%g‘i
= O E
- - Q2=10% GeV?
m-fn TR T T P%E;jtt;?éé ] 10
1<n,[<0.7
e L
=
s°3 e 1.6<n;1<2.1
g 2 E wala cormacted ba the partlin kve
| O 2.5 J' ::.;.:- , =T l_,. p=Ps g qm
1.55 a vidp it ol RRTS
1E == I ﬁ 3 1.6« , -1:2 I‘L_jkb
D-Ez—CDF Run Il Preliminary E 25 _ ° \', -'_?u_h
[ ] 'I||:||:| ?l:lll:l 300 ! 0 é-l::ll::l &0 f00 m Sysie Aty =
P17 (GeVic) o 2 rar '
* Forward jets constrain partons at high x R
e Central jets probe new physics at high Q? | es| cor runnpreiminan,
o 100 200 300 400 500

P! (GeVic)



Run I: >_/b
Pt

— data/theory disagreement
New measurements:

— B* cross section q—“’<
— Photon+b-jet, W+b-jet
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B-quark Production

4

— ol o
do/dp(B") (nb/GeV/c)

— FONLL
-- NLO
A TNX (L.

96 TeV)

® J/YK" (196 TeV) 7
O JWK" (1.8 TeV)

 First measurement of photon+b and W+b jets
« Data agree well with theoretical predictions
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I Secon ar Ver eX aSS CDF Run Il Preliminary ( 695 pb™ ) P (GeV/c)
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Jhp Spin Alighment

E*=(° [B2 8= pylun) [GeVie] < 12 k W
“"VM—F o h.:_ 4’ v\ “’0
Jhpr® canef. ""‘*“"'"""""h e
U IR 3 qy wf 1 J/w O*=90°
A“ “.:._: .'|= * Duta ’ ““
aof  F MC () 1|
» Do muons decay preferentially - | ~vem u*
into any direCtion? dl_ ELI:.I HIH-H'-CI :lI3 :Il I1I? :ll1 I'|ﬂ :':-I'H
Nk
. a=1
° CDF data prefer Sllght U;_ CDF TI Preliminary. 800 pb’'
longitudinal polarization: osf. o fit: Prompt JAp(CMU-CMU). pl > 1.75 [GeVic]
— Challenges color-octet models b
« NRQCD prefers transverse N a= 0 — Unpolarized (U)
polarization P {
— Predicted by Khoze, Martin, o4t
Ryskin, Stirling: o F
« Eur. Phys. J. C39, 163 (2005) ., a= 17> Longiudinal (1)

p 1?] ) IGe%E" J| 2
T pr (J/Psi) 8



The Flavor Sector




Entries per 5 MeV/c?

CDF2 Preliminary

3 F 0.8
L L l d L
: | T | T T T | Ll I T T L | T r-\‘_;\
5 05! F 0.0 z
C I =)
L I 1 1 L L l
: T | T L | T T L | I |
a 06’ T 1.0

[ | L1
6.29 6.35

Mass(Jiyn) GeV/c?

] ' ||
6.45 6.15

(- Ll
6.45

6400 |

[=3
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] Signal keeps

m(B,) = 6275.2 +/- 4.0 +/- 2.7 MeV/c?

= Yo
[E— m. M2
(mv+ n..)

m  potenual models

e lattice QCD
v potential NRQCD ]
— CDF .

[221 [23] 171 [241 [25] [26] (&) (7
theories

growing!

‘ Precision measurement challenges theoretical predictions |




Orbitally Excited B.-mesons

CDF Run 2 Preliminary 1.0 fb"

o
S 40f —B'K U
) - e+
S 35 B'K M
M— = — Signal
T — Background
525
8 20[- R K*
? 5y B}’/
— c - o
B S 10 O K*
s1 5: :
i B,
v foo 005 010 015  0.20 52

: M(B'K)-M(B")-M(K) [GeV/c®
 Two signals seen (EHRMERMO [EeVe ]

- B*,,—»BK: 7.70, m(B_,*)=5839.7 +/- 0.6 MeV
« already seen by OPAL, DELPHI and DQ

- B,,—B*K: 6.30, m(B_,)=5829.4 +/- 0.7 MeV
 Prob. of stat. Fluctuation: 7.3 x 10 or 4.40

« Mass difference: 10.51 +/- 0.45 (stat) +/- 0.35 (PDG) MeV
First Evidence for B, state? ‘ 11




A Lifetime: A -> JIYA

Ag—’ Jhy A° CDF Il Preliminary 1.0 fb”'
IS
S - Data Theo
U g 102 W::(ggnal wgz’ ‘-:faé}?gﬁ;s{?gogsﬂlsﬁgﬁ(gr\?si)selev et al.)
E — Signal+Bkg PDG 2005
1.23 £0.07 -
ol + ct=477.6+24.2um i )
t22. 03 to0s  —@— A
b
p CDF (L=1000 pb™)
' ” 1.59 + 0982 + 0,03 g
T oroper Decay Lengih ()
 Originally lifetime of A, was predicted to be:
— 1(A,)t(B?)=0.94
« Experimental data (semi-leptonic decays)
— 1(A,)/t(B?)=0.84+-0.05
« CDF Measurement in fully reconstructed
decay mode: A -> JAPA
©(A,)/t(B%)=1.037%0.058
* As precise as previous world average | |
° I | 0 0. 1 1. 2
3.10 different though! % oo et om |




B, -B, Oscillation Frequency

CDF Runll hep-ex/0606027 L=1fb"

.......
.................
................

* Measurement was accepted  #
— Prob. of stat. fluctuation: 0.2% z°T=—"= ¥y W
<< ]
— Am =17.31*9:33+0.07 ps"’

for publication by PRL: 8" f— s I
— [Vid/Vis|=0.208:955% (exp) "398 (th.) 5[ 77

—— combined
---- significance=1%

 ggm O CKMftwoam, | " cemieptonic
121 55 —e— CDF measurement B [0 ¥ [ AT VY AR SN
N HA=BR(B’ - p™)/BR(B’ » K N\, = T TN A
, d Am, [ps’]
0.8 §
Cll) - ,
~ 06 . .
*  Measurement consistent with
e = Standard Model prediction
o2 j » Severely constrains new physics
ol 1 \ R [ N

models

01 012 014 0.16 0.18
Vig/ Vil

13




15 1 T T

[ | excluded area has CL>0.95 | i

Am, measurement:

Impact on Unitarity Triangl

[ | excluded area has CL>0.95 | i

Af | s 1 af | s ]
15 I T | PR T S (AU BT o S S |G S 15 L .+. L v 0 | DL VTR A &0
-1 -0.5 0 0.5 1 1.5 2 -1 -0.5 0 0.5 1 1.5 2
) )
Experimental precision on unitarity triangle greatly
14

improved => the triangle still closes!




Polarization Amplitudes in

« Understand VV decays to facilitate
measurements of sin2f: b /N

S
~ B—~Jhy ¢, B, —00 E
— Anology to sin2pin B;—Jhp K, By —9¢K, d S
d

» Measure polarizations using angular
analysis:

.y . o 1
— competitive with Babar/Belle! . 1CDF Run Il Preliminary L = 360 pb
< - 0 "0
10.95 B">¢K
<0.8=
CDF Run 2 Preliminary 360 pb'1 -4"-:: E +CDF 06
g F CDF Run 2 Preliminary 360 pb™ 0.7 Belle 05
s By~ 0 K N(B,)=59+9 £ ol ] = Babar 04
16 g 025~ B, > 0 K 0.6
14 O.Sf—
12 r
10 0.4—
8 E
6 0.3:—
. + 025
2 C
5 7 B T T 5.35 5 0'1:_ 3a 4
m(B,) [Gevic] 0.8 1 0:||||||||||||||||||||||| Lol 6|||||
cos(y) 0 01 02 03 04 05 0. 0.7 08 09 1

2 a2
FL=lAql 7 X 1A



Eletroweak Symmetry

Breaking

16



Top Quark Overview

LA N B I I O B Y I BB
I:l Cacciari et al. JHEP 0404:068 (2004) Assume m=175 GeV/c’
Kidonakis. Vogt PRD 68 114014 (2003) CDF Preliminary'

ey

 Standard Model:

%
"Dilepton L L .
— BR(t->Wb)~100% e / 8.3+1.5+1.0+0.5
— Cross section: ~7 pb Leptonsdets: Kinemat 649 6.0,+0,6:0.9+0.3

(L= 760 pb")

'Lepton+Jet_5: Vertex Tag% 82_06_09_05

« Topologies:

— tt->WbWb->qqbqgb (44%): all-jets .
— tt->WbWb->lvbqqgb (30%): lepton+jets ety Sa % 5.3£3.3 41 7+0.3
_— tt'>WbWb->|Vb|Vb (50/0) dlleptOn ';T_Eg?;e;?!}!ertex Tag 1+1 2i1 4+04

NI

« Measurements:

"All-hadronic: Vertex Tag/

— Production rates (=311 t7) %
— Properties: i ) 7:3:0.5:0.6:04
. . AP AR IR BTN B At A
mass, .spln., charge, helicity of W, ... 0 2 4 6 8 10 12 14
— New physics in top events o(pp — ti) (pb)

17



Top hadronic cross section

* NN discriminates between top T
and multi-jet backgrounds NPy .

- Control in pretag sample and 4- 7 .t
and 5-jet bins 3

* Dominant syst. Uncertainty: JES

[ CDF Run Il Preliminary |
\ CDF Run |l preliminary |
o
g - 8000
= —— —
104 = ®  Data (1020 ') 7000f
B o :
6000
- Backg round 3
Enl—
5000
4000
10°
- e
- 3000
i e—
| 2000
L_l fb — 1000:
102 | —
: | I I I | 0_ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4 5 6 7 8 N 0 0.2 0.4 0.6 0.8 1
let NN output

o, =8.3+1.0(stat)" )2 (lum) "2 (syst) =8.37. pb| s




« Templates used for the signal and

Entries fraction/(5 GeV/c?)

Top Mass: All-jets Final State

Background control critical: 772 events | Background control
— Signal/Background=1/2

— Background checked in background rich

regions

background shapes

CDF Runll preliminary

120 140 160 180 200 220 240
Fitted Top Mass (GeV/c?)

Events/(10 GeV/c?)

50 |

0

0.4<NN<0.6
L_:I""'\- IIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIII'I
L0158 B S ,
2 8
O 3 B
= "
& 0.
5 s "
Hi
.. _ -1
CDF Runll preliminary L=1.02 fb 0.05 - I
T T T W -

=F ™

i B "

“F i o bttt L

50 100 150 200 250 300 350 400
Fitted Mass (GeV/c?)
- -.MDP {Ge‘\a';;;f)

— Data

D Bast fit background

D Best fit signal + background

100 200 300 400

Fitted M, (GeV/c?)

| my,,=174.0 = 2.2 (stat.) +4.8 (syst.) GeV/c? 0




Top Mass: Dilepton Final State

+ Improved matrix-element method: 78 €vents A
— 20 b-tag: Signal/Background=3/2 L00097" © =

— 21 b-tag: Signal/Background=30/1 )
— New: Measure recoil (p; of ttbar system)

. . . . 016 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII -
and include this information £ =P COF 1 Prefiminary
s i = " events)|
« A priori uncertainty improved by 10% g o14r o Jra=row?oseuens),
= - [ ] ]
2 L L L L L B R R = 012} o .
O o 10 1" 78 ovents) ] 5 3
_:[ f —_n (M‘:1(55 GeVicY) ! : g 01 - ¢

25 I Fakes = E : :
11 =1 : % o08f . . E
20 Bl 2=t i i
B B z ] s |
» A data e 0.06 - ]
15 — N - . ® ]
C 0.04 |- -
“E 4] i - . . |
w | 0.02} . 4
5 ‘ ‘ i L ® ° -
g —llif—k ; q I—_._L._Ld_.l.ll MR R FEEEE FREEE R ..L‘.I.._.L.;

O 20 a0 60 86100 a0 3ac i6 45 150 155 160 165 170 175 180 18

Transverse Unclustered Energy [GeV] Ml (GEV/C

m,,,=164.523.9 (stat.) £3.9 (syst.) GeV/c?
with b-tagging: m,,=167.3:4.6 (stat.) +3.8 (syst.) 20




Top mass: Lepton + Jets

- ™ CDF Run Il Preliminary (955 pb™)
166 events T Monte Carlo
9 — 5 KS 010 mean.: . eV/C
00000 s 80l | RMS: 19.0 GeV/c?
= Data
L mean: 79.7 GeV/c’

RMS: 20.5 GeV/c®

« Matrix-Element method “1 |
— 21 b-tag => Signal/Background=4/1 oF :g;MWWoéE)
— 1 unknown, 3 constraints 20} Swe
. I B W bk + 2p
 Overconstrained! 0 ] Ve 2
. 0 50 100 150 >
— Add jet energy scale as 2nd unknown m, GeV/c® ™
and fit for it: CDF Preliminary 955 pb™’
1E,’] I Aln L=BD L
« AJES=0.9910.02 s b |
— Consistent with a priori
knowledge 1

— Uncertainty only 2%!!!
- Single most precise measurement o

160 165 170 175 180

My,,=170.9£2.2 (stat.+JES)+ 1.4 (syst.) GeV/c2




Top Mass: CDF Combined Result

Mass of the Top Quark from CDF (*Preliminary) t H
. W . W W Y
Dilepton °
(Run 1) 167.4+10.3+49 " \V s\ O‘»
——
Lepton+Jets >
o 176.12 5.1 5.3 b
. T T T T | T T T T | T T T T T T T T T T T ]
All-Jets L i
(Run 1) 186.0+10.0+ 5.7 80.70 _ Uncertainties 68% CL: N
—— UL } i
“Dilepton: Matrix Element L M,,: LEP2/Tevatron, Mtop: CDF (1fb 1) ]
(1030 pb”) 1645+ 3.9+ 3.9 C ]
Leotoneete: L ® 80.60 - .
epton+ ? s: L, 15.7 - \( -
(oo5pE") 183.9+ 3¢ +5.6 L ight SUSY ]
, ® < L ]
Lepton+Jf-)ts: Matrix Element O L MSSM -
(940 pb”) 1709+16+2.0 1 80-50_ |
: . z . S
-Jets: s\
All-Jois: Tomplate 174.0+2.2+ 4.8 = B neaVY e
(1020 pb”') 80.40 = N
e L i
‘CDF July 2006 L SM |
1709+ 1.4+1.9 B / i
(1030pb’) (stat.) = (syst) L = ‘\‘\A/G _
[ M pigge—= a
J2dof = 6.1/6 B8y
% =0. - N SM I
| | | | i - 400G¢ MSSM ]
150 160 170 189 190 200 80.20 [ Mioe® both models I |
M__ (GeV/c') <O , . . N
P i | Hellnemeyer, Hollik, ‘Stocklnger, Webier, Weiglein ’06_
1 | | | 1 1 1 1 | 1 1 1 | 1 | | 1 1 1 |

* m,,;=170.9 * 2.4 GeV B I

« Standard Model excluded at 68% CL
— Perfectly allowed at 95% CL though
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Higgs Boson: Intro

Cross Section Branching Ratio
Gl [s=196Tev] 'ETT s
[ : : | 3 1 MIS'I _
o) 99-H = - 5 B 00GS5
U === 00274910 00012
Q IS 2 ll J = 4 === incl. low Q° data =
U'\ — ol
A gﬁ AL | = 34 :
9 g f'“» .I': || 1l ::]
U 1072 / ".Illll >
l |III 4
- A\ b Excluded N
N . I . i . " : bb E M (B o 030 | 100 300
00 120 140 160 180 200 T— m,, [GeV]
Higgs Mass (GeV/c) zz

« Today focus on low mass Higgs

— Preferred by electroweak precision
measurements

— Main analysis modes:
* WH—Ilvbb, ZH —vvbb, ZH—IlIbb
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« Signature:

— 2 b-jets + missing ET
 Many improvements lead to
effective luminosity gain of

(S/NB)?=6.3

— Improved lepton veto

— Separate single and double b-tags
— Include WH as signal

— Use fit to dijet mass spectrum

* Plus inclusion of full data

luminosity:

— No evidence for deviation from

background

q

Events/20 (GeV)

Events/20 (GeV)

Exp. Limit / SM rate=14.2 (at m =115 GeV)

[+}
2

Dijet mass in SIG Region, =1 Tag

g 8

CDF Run Il Preliminary, 0.973 fb"
E -« Data
o — ZH115*10
i [[]Z+hf.
e H» [JW=+h.f.
E + [ |Diboson
- + B Top
3 [FlQcD hf.
__+ + + [T Mistag
il
Z*ﬂ:.-lﬁdm‘.w...m

0 100 200 300 400 Sﬂd = I[:'s(](]

M, (GeV)

Dijet mass in SIG Region, > 2 Tag

E —ZH115*10

a [ Wehf
= 4 [ ]Diboson

ElTT | T [QCD hif.
E [ Mistag

-y n (2] = o [-)] ~ o
T T TTTT T

CDF Run Il Preliminary, 0.973 fb"

—-—Data

[zZ+h.f.

W Top

50 100 150 200 250 300 350 400
M, GeV)

24



ZH—llbb

ZH NN output

« Strategy:

— 2 leptons and 2 jets 3
* 1 or2b-jets

— Use 2D NN to separate
signal from backgrounds:
- Z+jets,Top, ZZ, WZ, ...

Search for ZH— I'l bb

Search for ZH-> I'I bb

o I' bh
£ acl - _ . -1 0 Search for ZH— I'l' bb
§ 35~ CDFII Prellmlnarnydt =097-1.02fb E o CDFI Preliminarnydt: 0.97 - 1.02 fbo" PR _ — _
w - > - € 44 CDFI PrellmlnaryJLdt—O.Q? -1.02fb
5 30| « Data o g
- [ b i Data ] n - Data
Q (. = 42
'g a5 Standard Model Backgrounds 8 j| Standard Model Backgrounds ; H Standard Model Backgrounds
5 - , g re- 2 ok Standard Model Errors
z o0l ZH - llbb X 100 (M,, = 120 GeV/c") z 204 ZH— lIbb X 100 (M, = 120 GeV/c?) E T .- TTBAR
gl ZH— llbb X 5 (M, = 120 Ge\ﬁcz)
5 15 F
15 s
L Bi-
10 198 @ 3
s[- SE o 2 :
o - I - I [ : + + .+:
ot | == oL | Ipg= 1V .t - ; ; | o
50 100 150 2 0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Mii (GeV/c)) Slice along Z+jets vs ZH axis Slice along ZH vs TTBAR axis

Limit / SM rate=25 (at m_ =115 GeV) 25



WH — Ivbb

b _]Ct CDF Il Preliminary
,<<; 0.3F —
[ |[—b jets

% Higgs:

3
q _ “H b_]et 20_25‘_ --C Jets
§ o light jets
g y s 0z
W <i:i Eoasbit
G/M 0.1 - -
0.05) i "1"{?am._"
* Lepton, missing E; and 2 jets: T et M
-1 0.5 0 0.5 1
— One or two b-tags NN output
* New since last year: ety AN RO o)
; 100 L] E;tﬁ ach O I [] mistag
_ NN b-tagger s i + %Diboson:‘z"—m § 10:_ %;D;:;:I?;itr
‘g 80 + [ 1 7pbj+Single Top “% 8:— [ f(6.7pk) +Single Tap
— Include double-tag G f e | @ F kv
— Include full 1 fo-' dataset
— Luminosity equivalent gain: 20 2 !

* (S/VB)?=1.252=1.6

DO 50 100 150 200 250 300 350 400 450 500

Dijet Mass (GeVi/c’)

Exp. Limit / SM rate=23.0 (at m ;=115 GeV)

Bl oDl T
DO 50 100 150 200 250 300 350 400 450 500

Dijet Mass (GeV/c)

26



Higgs Boson: Combined Limits

« Combination of most . CDF Il Preliminary
sensitive CDF Higgs S0 e ]
resdults: g | it
- WH—ivbb (1 fb) £l , iR
— ZH->vvbb (1 fb) S0 // T

— H->WW (0.3 fb-") § g G _

— Results on ttH and N A0F e E
WH—-=WWW not yet included i

« (Getting closer! /

— B, mixing achieved sensitivity 1= lé{} ' léllO ' 1([,’.0 ' lé() ' 2{'}0
improvement by factor 4 just . 2
by improving experimental Higgs Mass (GeV/c")
techniques

95%CL Limit / (SM @115 GeV): exp.=9, obs.=13 27



Beyond the Standard Model
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SUSY: stop and sbottom

CDF Run N Preliminary, 295 |:|:]-1 u|

» Stop and sbottom quarks are S o E
the lightest squarks: ¢ % mew
— Produced via strong interaction 3_ ! = cveon ]
— Large cross sections 0. i D{Js.m' E
« Here: S
— Stop: t —cy 000 :_

Missing E (GeV)

— Sbottom: b—by q,8
« Search for 2 c- or b-jets and o0, COF RUn | Prefiminary (295 05),

. . E?,?F'D‘T.RT"Z _— — Observed ]

- eorelical uncertain incl. - i i 1

large missing E; . = Spedins
‘77 CDF Run 1

==F D Run 1 —
LEP p=56° 3

— Tag heavy flavor using “jet
probability” algorithm I

Further constraining SUSY 20 A
parameter space e

I || L1l L1 I 1 T
50 60 70 80 90 100 110 120 130 142
M(t,) (GeVic)



GMSB SUSY: Delayed Photons

. . (i’;‘ t'} CDF Calorimeter
Search for photon inconsistent L.
with collision time: rompty &
— From heavy long-lived object S R 'é

decay: GMSB SUSY p Kt p
— Use new EM timing device to

measure photon arrival time

CDF Run Il Preliminary, 570 pb’1

CDF Run Il Preliminary, 570 pb”

LI I LI | LI I I LI I T I LI B I LI | | T LI | I LI | T T
g 22 : | | | F-:redlct;d excl Iuslan rlegi:ur‘ witha _7 1 02 g_ _é
GEJ - I:l 3 nET +1jet analysis with EMTiming - : —— ¥ + E + Jet data :
= 20 n Observed exclusion region witha = —_ All —
o ) ; vsis wi min - Collisions 4
= 18l j I.|E_|_r1|elanal,u vith EMTiming | E} geam Halo
QH‘_ exclusion region == osmics -
16 ALErR exclusionea = 0 10 g s++= GMSB Signal MC 3
14} %
12 = "ﬂEJ T
10 = E
8 — = ]
6 1 - Il: e
af = 107E -
2 i . :I Ll I LAL 1 I Ll L I L LAl I Ll 1 I Ll L I Ll 1 | Ll 1 I 1Ll I L_L :
0 C | | | | | | | | | | | L -1 O -8 -6 -4 -2 0 2 4 6 8 1 D
70 80 90 100 110 120

Photon Corrected Time of Arrival (ns)

}f mass (GeV/c?)

Constraining long-lived neutralinos up to m=90 GeV/c? ‘ 30




ot _'|:-:|II ]‘)'??. l J [ PL l 160 SM Prediction
) ,_ C T srlMp) Mp ge S T——re
7 G
« Extra Spatial Dimensions could .
. 20, QAT
solve the hierarchy problem: S -~ |
— Effective Planck scale is lowered e e |
: e, 3 coFu (1™
« Good signature: N : S Do (Runl)
. _ . . . E 14— . :-.::: LEP Combined
— Monojet = 1 jet + missing E- C e CDF Il Prefiminary
— Main background Z+jet—vv+tjet E 2Bt :
measured from data | : e I
: S N :
* No evidence for Extra o 08 e e aanans
Dimensions 06F- = Rnmnnan
2 ' ' 5 C

3 4
Number of Extra Dimensions

CDF has world’s best sensitivity for >3 dimensions 1




* Resonance in diphoton mass spectrum?

— E.g. predicted in Randall-Sundrum model:

« alternative ED model to solve the hierarchy Y
problem

» predicts yy and ee resonances

k;‘l'o..'lpI vs RS Graviton Mass Exclusion Plot

Search for X—yy CDF Run Il Preliminary, 1155 pb' 01
il L | L L T | T LI | LI I | LMD | : E. =TT T | FTTT | FTTT | TTTT | TTTT | [ T T TFTJT [T 1
=  CDF Run Il Preliminary
3 Diphoton Data x 0.09F ) ]
107 = :J.Ldt= 0.8-1.2fb
: 0.081 —
3 = E
"‘:“'--1 02 : 'n'n? . + o=
@ = -
O] E ﬂ.ﬂﬁ_— —]
o - -
290} 0.05F =
c | 0.04f =
w -
1F 0.03[ =
i 0.02f E
10-1: v b e Pera o iR L i';'.l, R u_yz NI N NS NS N N R
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Graviton Mass [Gev!cz)

m(yy) (GeV/c’
[M>875 GeV for k/Mp,=0.1 32
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Model-Independent Searches

L B B O B
CDOF Run Il Preliminary (929 pb"}

A Data
W— v
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e
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CDF Run Il Preliminary (0.94 fb'1)

Inclusive Z's
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New searches for anomalous

production of:

— W's and Z' at high H;

— Anomalous ZZ

— Diphotons+X (X=y ..

.more to come)
A spectacular event at H~900 GeV
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Two Spectacular Events

Isol = O.11
Has B;—ackw;—a rd
‘ - 9
"ﬁ"aC]{ 7 ’
ZZ candidate Top dilepton event?
H,=850 GeV
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Conclusions

« Many new analyses using 1 fb-*:
— Only 5 months after end of data
taking:
— Searches and
measurements

* Highlights:
— B, oscillation frequency
— Precise top mass

— Jet- and b-jet production

— Searches for Higgs, SUSY and
Extra Dimensions

CDF Run Il
2

80.70 Uncertainties 68% CL:
. . -1
MW.LEP2ﬂévann,Mmp.CDF(ﬁb)

fignt SUSY

MSSM
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Photon+b-jets and W+b-jets

S F
> - .
o aF CDF Run Il Preliminary
o - p
2 = e Data:L~340pb
S" 3.5_—
(o] N
A e Pythia CTEQS5L
& 3
s Herwig CTEQ5SL
- 2.5 -
v C
= C
= 20
v 1.5F
= - +
4 1=
+ -
> - I—
B 0.5
= &
OT | L [ T T T T
30 40 50 60 70

Photon Et (GeV)

* First measurements of both

these processes

« Data agree with LO QCD

predictions:

— No comparison to NLO

calculation yet

Jets / 0.2 GeV/c2

801 SECVTX Mass Shape for b-jets
70 L Other

C T Single-Top
60 ]

i

50 :_ Qcb

C W(— j+bb
40 [ +
30 [
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- S
20L o
10F [
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CDF Run Il Preliminary ( 695 pb" )

SECVTX Mass (GeV/c2)

o(W+et)xB(W—Iv)* [pb]

CDF

0.900.20(stat.)£0.26 (syst)

Alpgen

0.74

*cuts: pp(1)>20 GeV, m(DI<1.1,pp(v)>25 GeV,
E(jet)>20 GeV, In(jet)l<2 38
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] Run 1 SVX J/4¥ —> uu Data % - CDF Il Preliminary 1.05 fb”
R — T oy d
E‘Li 3 CDF Preliminary Tip <1.8 GeV/c _E : Nb Yy
1'? Search windovn:
0.2 9I I IEJ‘II I I9H2I I I£')|3IHHI9|4I I QHEIH I9|6IH IE!|7I HglsHHHIE!lQI I I[O 1__ - q - y
m(eppsie) Ve -
o I -1)-
Run 1 history (80 pb'): PP | PR PR | ST |
— 7 events observed, 1.8 background: Jvdly Mass (GeV)
« 2.2 sigma signal (~ pb)
[ J j— '1 -
_ Upper limit 18 pb Run 2, L=1.05 fb":
» Theoretical predictions: — Nosignal
— Cross section x BR =0.02 -4 pb — Upper limit 2.6 pb

a(pp — mX) - Bl — J/YJ /) - B(JY — pu)? < 2.6pb
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W Boson Helicity

SM prediction of helicity fractions (assuming
Mt= 175G€V): — Standard Model

— longitudinal
— left-handed
—— right-handed

= longitudinal f, = 0.7
= left-handed f. = 0.3
= right-handed f, =0
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T 05 0 05 1
P, — L E, il

N 4
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[ CDF Il Preliminary |
‘p e P b ‘

. L background
==+ +right-handed

35 === +|eft-handed

Resu It: — +longitudinal

20

® data 955pb"

25

f, = 0.606 + 0.13 (fixing f, = 0)
f, <0.11 @ 95% C.L "
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Top Production Mechanism

. 14
* NLO _ CDF Run Il Preliminary
— Qq->tt : 85% 13.5- . “‘l-:ﬂ _[Ldt 360 pb”
—_ Gg_>tt 15% o —B— W42 jets
Q n::: ]rll;-l"'ll ::M /
. E'1 2.5 ni.i.-l 120-1 ;u GeV 4
 Measure in data: ; |
Q
£ 12
— Use number of tracks to =
discriminate 1
— Control in many samples: 11' Pov osees
« Good correlation with gluon pi___ 136008092
fraction 10.5
qollecto v lv i bvre el Ll b b b

0 020406 08 1 1.2 14 16 1.8
<N_> of the sample
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B* Hadron Cross Section

# Bcand. = 8197 + 239 # Bcand. =277 + 44 u
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« Select Bt —=J/hpK* candidates:
— 8197 +- 239 candidates in 740 pb-'

* | Cross section agrees well with SN
previous results and theory (FONLL) N P T

5 10 15 20 25
pr (GeV/c)




Top Production Mechanism

22—

* Need plot without fg

20 — Tagged W + = 4 jel dala
18 — MNo-gluon contribution
Glucn-rich contribution
16
i ReS u It o 14 CDF Rumn Il Preliminary
E -1
'ri ,E 12 ILdl 360 pb
fo. =03010.24(stat )£ 0.08(syst) %
= 'E f: =0.35 = 0.21(stat)
= 8
6
i |
2 L
bl |
0 =

5 10 15 20 25 30 35 40 45 50
Density of low p; tracks

o(88 > ﬂ_) =0.27 £0.23(stat )£ 0.10( syst )

a( pp — tt)
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Tau’s in ttbar events

COF Run Il Prollimdnary
LI L B I I L L N I I

« Search for
pp—e/utt+b+j+E +X

— Likelihood used to identify tau-
leptons:

%Siguul

-e& Background

* 4 categories

 Interpret in charged Higgs
scenario

, CDF Run Il Preliminary (335 pb™) [P Y!' !
F F T T T T
? 0.9 + 15 expected upper limit =
E 0.8:— ¥ Measured upper limit at 95% confidence level _:
O.T:— //-/} =
0.3; o /'A\m_ V/// ;
Electron, Tan | Muon, Tan All osE- KN‘\ T 77 =
it — T 122+022 | 085+0.15 | 2.07 £0.37 sl 2 E
take T, b-jet 0.65+0.14 1.L1I0+0.22 | 1.744+0.36 “E 3
Other 0.03+0.03 0.02+0.02 | 0.06 £0.00 0.3 —
Total [.90+0.26 1.97+0.27 | 3.88+0.52 0.2 3
Data 4 2 6 0.1:_ =
Probability 0.13 0.58 0.20 = -
N T R e T R TR T R T T R

M, (GeV/c?)
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SUSY: stop and sbottom

CDF Run Il Preliminary (295 pb'1)
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« Extending exclusion region in both stop and sbottom mass
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A, Lifetime Cross Checks
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« Cross checks in similar B* and B? decay channels:
— Particularly important B—J/PsiKO,
48



